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Description
BACKGROUND OF INVENTION
TECHNICAL FIELD

[0001] The presentinvention relates to an impact tool,
such as an impact driver, which can generate a rotary
impact force by engaging or disengaging a hammer with
respect to an anvil protruding forward from a housing.

BACKGROUND ART

[0002] An impact tool, such as an impact driver, in-
cludes a spindle disposed in a housing and configured
to be driven to rotate by a motor, a hammer fitted onto
the spindle and provided with engaging claws projecting
at a front side thereof, the hammer and the spindle being
connected through balls fitted into grooves formed in the
hammer and the spindle, an anvil rotatably supported by
the housing coaxial with the spindle, a front end of the
anvil protruding forward from the housing and to which
abitis attached, and arear end of the anvil being provided
with radially extending arms, and a coil spring for urging
the hammer toward an advanced position in which the
engaging claws and the arms are engaged with each
other in a rotational direction. According to this impact
tool, when a torque of the anvil increases to a certain
threshold, the hammer retreats while being guided by the
balls rolling along the grooves, so that the engaging claws
are disengaged from the arms. Thereafter, the hammer
moves forward and rotates because of the urging force
of the coil spring, so that the engaging claws are again
engaged with the arms. Such engagement and disen-
gagement actions are repeated, with the result that an
intermittent rotary impact force (impact) is generated at
the anvil.

[0003] For example, when a screw is secured into a
pilot hole, a user first drills a small pilot hole using an
electric drill, and then secures with a screw using an im-
pact tool such as an impact driver. This requires the user
to use differentkinds of electric power tools in accordance
with the works. As a result, preparation and replacement
of a plurality of electric power tools are necessary and
the workability deteriorates. A drilling operation can be
performed by attaching a drill bit to the impact driver.
However, when a pilot hole is drilled in a relatively brittle
material such as tile, the material will break down due to
generation of the impact.

[0004] In view of this, US Patent Publication No.
2010/0000750A1 discloses an impact tool comprising a
spindle and a hammer, wherein a rear portion of the spin-
dle has a flange having the same diameter as that of the
hammer. Further, a connecting sleeve is arranged pe-
ripherally around the hammer and the flange so as to be
operable to switch between an advanced position in
which the connecting sleeve is only engaged with the
hammer and a retracted position in which the connecting
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sleeve is engaged both with the hammer and the flange.
In the advanced position of the connecting sleeve, re-
traction of the hammer is restricted and the impact tool
is used in an impact mode. Meanwhile, in the retracted
position of the connecting sleeve, the hammer and the
spindle are connected in the rotational direction through
the connecting sleeve and always rotate in a unitary fash-
ion, so that the impact tool is used in a drill mode.
[0005] However, according to this mode switching
mechanism as disclosed in US 2010/0000750A1, since
the connecting sleeve is fitted onto the outer periphery
of the hammer, the size of the impact mechanism in-
creases in the diametrical direction, which is an obstacle
to reduce the whole size of the impact tool. Further, since
the impact tool includes the connecting sleeve and the
flange provided on the spindle, the cost of the impact tool
will be increased.

[0006] Therefore, it would be desirable to provide an
impact tool, which can reduce the cost and the size, and
which can provide a drill mode without causing a rotary
impact force.

SUMMARY OF INVENTION

[0007] Inaccordance with the presentinvention asem-
bodied and described herein as a first aspect, an impact
tool comprising a spindle disposed in a housing and con-
figured to be driven torotate by a motor, an anvil disposed
at a front side of the spindle and rotatably supported by
the housing coaxial with the spindle, a front end of the
anvil protruding forward from the housing and to which
a bit is attached, a hammer fitted onto the spindle and
urged by a coil spring toward an advanced position in
which the hammer is engaged with a rear end of the anvil,
the hammer being configured to be movable in a front-
and-rear direction in accordance with a torque of the anvil
to engage with or disengage from the anvil, whereby ro-
tation of the spindle is transmitted to the anvil as a rotary
impact force. In this impact tool, the hammer is divided
into an inner-side main hammer configured to be engage-
able with or disengageable from the anvil and an outer-
side sub hammer having a peripheral wall covering an
outer periphery of the main hammer and formed as a
separate member from the main hammer. The sub ham-
mer is disposed in a rearward position in which the sub
hammer is rotatable with the peripheral wall thereof cov-
ering the outer periphery of the main hammerwhile move-
ment of the main hammer in the front-and-rear direction
is allowed. The peripheral wall of the sub hammer is en-
gageable with the main hammer so that the main hammer
and the sub hammer are unitarily rotatable. Further, a
connecting member is disposed between the main ham-
mer and the peripheral wall in such a manner as to be
movable between a connecting position and a discon-
nected position. The connecting position is a position in
which the main hammer and the peripheral wall are con-
nected together in the front-and-rear direction in an ad-
vanced position of the main hammer. The disconnected
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position is a position in which the connection therebe-
tween is disconnected. The connecting member is oper-
able to move between the connecting position and the
disconnected position by a switching device provided
outside the housing. When the connecting member is
moved in the connecting position using the switching de-
vice, a drill mode is selected, in which the anvil and the
spindle rotate together while restricting retraction of the
main hammer.

[0008] Preferably, in a second aspect, the impact tool
according to the first aspect may be configured such that
the connecting member is a ball movable in radial direc-
tions of the peripheral wall between the connecting po-
sition and the disconnected position. The connecting po-
sition is a position in which the ball is retained in the pe-
ripheral wall of the sub hammer and protrude inward from
an inner peripheral surface of the peripheral wall into a
fitting groove circumferentially formed in the outer pe-
riphery of the main hammer. The disconnected position
is a position in which the ball is sunk into the inner pe-
ripheral surface of the peripheral wall and spaced apart
from the fitting groove.

[0009] Preferably, in a third aspect, the impact tool ac-
cording to the second aspect may be configured such
that the switching device comprises a switch ring having
a smaller-diameter portion and a large-diameter portion.
The smaller-diameter portion is fitted onto the peripheral
wall and slidably contacting the outer peripheral surface
of the peripheral wall, and the large-diameter portion is
spaced apart from the outer peripheral surface of the
peripheral wall. The switch ring is slidably operable be-
tween a first slide position in which the large-diameter
portion is positioned outside the ball to allow the ball to
move into the disconnected position and a second slide
position in which the small-diameter portion is positioned
outside the ball to press the ball toward the connecting
position.

[0010] Preferably, in a forth aspect, the impact tool ac-
cording to the second aspect may be configured such
that the coil spring is arranged between the main hammer
and the sub hammer so that the sub hammer is urged
toward the rearward position in which the sub hammer
contacts a receiving portion disposed at a rear end of the
spindle. Further, a ring-shaped groove may be formed in
a rear surface of the sub hammer, and a plurality of balls
may be received in the ring-shaped groove such that the
balls partly extend beyond the rear surface and contact
a front surface of the receiving portion.

[0011] Withthe configuration of the impact tool accord-
ing to the first aspect, in addition to an impact mode as
originally provided by the impact tool, a drill mode without
causing impact can be used. Accordingly, it is not nec-
essary for the user to change a plurality of electric power
tools in accordance with works, which leads to improve-
ment in the workability. Further, since the drill mode is
realized by restricting retraction of the main hammer us-
ing the sub hammer that is divided from the hammer,
reduction in the size of the impact tool can be achieved
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without increasing the impact mechanism in its diamet-
rical direction. Further, switching the modes can be per-
formed by a small number of assembling parts, which
can prevent the rising cost. Of course, the necessary
rotary impact force is ensured by the rotary motion of the
sub hammer which unitarily rotates with the main ham-
mer.

[0012] With the configuration of the impact tool accord-
ing to the second or the third aspect, in addition to the
advantageous effects of the first aspect, connection and
disconnection between the main hammer and the sub
hammer can be compactly and reliably performed in a
space within the housing.

[0013] With the configuration of the impact tool accord-
ing to the fourth aspect, in addition to the advantageous
effects of the first aspect, the sub hammer can be dis-
posed in the rearward position by the simple configura-
tion using a coil spring for the impact mode. Further, even
if the sub hammer is urged toward the rearward position
by the coil spring, the rotational resistance of the sub
hammer can be reduced and a smooth unitary rotation
of the sub hammer following the main hammer can be
performed. Further, a thrust load applied to the sub ham-
mer can be received by the configuration which is com-
pact in the axial direction.

[0014] Other and further objects, features and advan-
tages of the present invention will appear more fully from
the following description.

BRIEF DESCRIPTION OF DRAWINGS

[0015] To better understand the claimedinvention, and
to show how the same may be carried into effect, refer-
ence will now be made, by way of example only, to the
accompanying drawings.

FIG. 1 is a partial longitudinal sectional view of an
impact driver.

FIG. 2is an exploded perspective view of an internal
mechanism of the impact driver.

FIG. 3 is an exploded perspective view of housings
other than a main body housing.

FIG. 4 is a partial longitudinal sectional view of the
impact driver in an impact mode.

FIG. 5 is a partial longitudinal sectional view of the
impact driver in a drill mode.

DETAILED DESCRIPTION OF INVENTION

[0016] With reference to the accompanying drawings,
an embodiment of the present invention will be described
in detail.

[0017] FIG. 1 shows an impact driver 1 as an embod-
iment of an impact tool, and FIG. 2 shows a part of the
internal mechanism of the impact driver 1. The impact
driver 1 includes a main body housing 2 which is assem-
bled from right and left housing halves 3, 3. Further, the
main body housing 2 includes, from the rear side of the
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main body housing 2 (right side of FIG. 1 corresponds to
the "front" side), a motor 4, a planetary gear reduction
mechanism 6, and a spindle 7. A tubular inner housing
8 is mounted at the front side of the main body housing
2, and accommodates the spindle 7 and an impact mech-
anism 9. An anvil 10 arranged at a front side of and co-
axially with the spindle 7 is rotatably supported by the
inner housing 8 and a front housing 12 fixed to the front
end of the inner housing 8, and the anvil 10 protrudes
forward from the main body housing 2. Reference nu-
meral 13 indicates a ring-shaped bumper which is made
of rubber and fitted onto the front end of the front housing
12. A handle 14 extends downward from a lower part of
the main body housing 2, and a switch 15 having a trigger
16 is positioned in the handle 14.

[0018] The planetary gear reduction mechanism 6 is
accommodated in a tubular gear housing 17 which is
assembled with the main body housing 2. At a rear side
of the gear housing 17, a pinion 18 provided on an output
shaft 5 of the motor 4 extends forward and into the gear
housing 17. The planetary gear reduction mechanism 6
includes a first carrier 20 and a second carrier 23. The
first carrier 20 is configured to carry first-stage planetary
gears 21 within a first internal gear 19 while planetary
motion of the first-stage planetary gears 21 is allowed.
The second carrier 23 is configured to carry second-
stage planetary gears 24 within a second internal gear
22 while planetary motion of the second-stage planetary
gears 24 is allowed. The pinion 18 is meshed with the
first-stage planetary gears 21, and the second carrier 23
is integrally formed with the spindle 7 at the rear side of
the spindle 7 and rotatably supported within the inner
housing 8 by a ball bearing 25.

[0019] The first internal gear 19 has internal teeth 26
at its inner peripheral front-side surface, and the internal
teeth 26 are provided equidistantly along the circumfer-
ential direction of the first internal gear 19. The second
internal gear 22 has a ring-shaped engagement groove
27 at its outer peripheral front-side surface, and external
teeth 28 are provided equidistantly along the circumfer-
ential direction of the second internal gear 22 at the outer
peripheral rear-side surface thereof. The second internal
gear 22 is slidable between an advanced position and a
retracted position. The advanced position is a position in
which the second internal gear 22 meshes both with a
spur gear 29 which is integrally connected to the second
carrier 23 at the rear side of the second carrier 23 and
with the second-stage planetary gears 24. The retracted
position is a position in which the second internal gear
22 only meshes with the second-stage planetary gears
24 with the internal teeth 26 of the first internal gear 19
and the external teeth 28 of the second internal gear 22
being meshed with each other.

[0020] The spur gear 29 is a separate gear disposed
between the second carrier 23 and the planetary gears
24, and assembled by inserting supporting pins 30 for
supporting the planetary gears 24 through the spur gear
29. The outer diameter of the second carrier 23 is smaller
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than that of the spur gear 29, wherein the outer diameter
of the spur gear 29 corresponds to the major diameter
including the distance of each gear tooth. Assuming that
the spur gear 29 is integrally formed with the second car-
rier 23, it is necessary that the outer diameter of the sec-
ond carrier 23 is greater than that of the spur gear 29 and
a large-diameter ball bearing 25 has to be used for as-
sembling the ball bearing 25 with the second carrier 23.
On the contrary, according to this embodiment, the spur
gear 29 is a discrete part separately formed from the
second carrier 23, with the result that the spur gear 29
can be assembled with the second carrier 23 after as-
sembling the ball bearing 25 and the second carrier 23.
Therefore, it is not necessary that the outer diameter of
the second carrier 23 and the inner diameter of the ball
bearing 25 should be greater than the outer diameter of
the spur gear 29. In this configuration, the second carrier
23 and the ball bearing 25 can be provided without in-
creasing their sizes in the diametrical direction. As a re-
sult, the sizes of the gear housing 17 and the inner hous-
ing 8 in the diametrical direction can be reduced, and
hence the size of the main body housing 2 can be reduced
in the diametrical direction. Reference numeral 36 indi-
cates a retaining ring for retaining the ball bearing 25
within the gear housing 17.

[0021] Aslidering 31 positioned at the outer periphery
of the second internal gear 22 is capable of sliding in the
front-and-rear direction along the inner peripheral sur-
faces of the gear housing 17 and the inner housing 8.
The second internal gear 22 is connected to the slide ring
31 by inserting engagement pins 32 radially from outside
to inside of the slide ring 31 to engage with the engage-
ment groove 27 formed in the second internal gear 22.
The slide ring 31 has a projection 33 which is formed at
an upper outer periphery and protrudes upward from the
gear housing 17. A slide button 34 is provided on the
main body housing 2 so as to be slidable in the front-and-
rear direction, and the projection 33 is retained by a slide
button 34 through coil springs 35 disposed at front and
rear sides of the projection 33.

[0022] Accordingly, operating the slide button 34 to
slide in the frontward direction or the rearward direction
causes the second internal gear 22 to move through the
slide ring 31 between the front position and the rear po-
sition. In other words, in an advanced position of the sec-
ond internal gear 22 as shown in FIGS. 1 and 4, the sec-
ond internal gear 22 unitarily rotates with the spur gear
29, so that the planetary motion of the planetary gears
24 is cancelled to achieve a high-speed mode, whereas
in a retracted position of the second internal gear 22 as
shown in FIG. 5, the second internal gear 22 becomes
stationary to achieve a low-speed mode where the plan-
etary motion of the planetary gears 24 is allowed.
[0023] Theimpactmechanism 9includes a pairofarms
11 provided at the rear end of the anvil 10 and a hammer
configured to be engaged with or disengaged from the
arms 11. The hammer is divided into a tubular-shaped
main hammer 40 and a sub hammer 42 shaped like a
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tube with a bottom. The main hammer 40 is fitted onto a
front end portion of the spindle 7, and has a pair of en-
gaging claws 41 projecting at the front surface thereof
and engageable with the arms 11. The sub hammer 42
is coaxially and loosely fitted onto the spindle 7 at the
rear side of the main hammer 40. Further, the sub ham-
mer 42 opens at the front side thereof so that a peripheral
wall 43 of the sub hammer 42 is inserted onto the main
hammer 40 from the rear side of the main hammer 40.
In other words, the diameter of the assembly made up
of the main hammer 40 and the peripheral wall 43 of the
sub hammer 42 corresponds to the outer diameter of a
conventional hammer.

[0024] The main hammer 40 has reversed V-shaped
grooves 44 formed in the inner peripheral surface of the
main hammer 40. Each reversed V-shaped groove 44
extends and tapers from the front end toward the rear
side of the main hammer 40. The spindle 7 has V-shaped
grooves 45 formed in the outer peripheral surface of the
spindle 7. Each V-shaped groove 45 extends with its front
end portion facing toward the front side of the spindle 7.
The reversed V-shaped grooves 44 and the V-shaped
grooves 45 face each other and balls 46 are fitted be-
tween them, so that the main hammer 40 is connected
to the spindle 7.

[0025] A coil spring 47 is fitted onto the spindle 7 and
positioned between the main hammer 40 and the sub
hammer 42, so that the main hammer 40 is urged toward
a forward position in which the engaging claws 41 are
engaged with the arms 11 and the sub hammer 42 is
urged in arearward direction. A washer 48 as a receiving
portion is inserted onto the spindle 7 and positioned be-
tween the sub hammer 42 and the second carrier 23. A
ring-shaped groove 49 is formed in the rear end surface
of the sub hammer 42, and a plurality of balls 50 are
received in the ring-shaped groove 49 and extend rear-
wardly beyond the rear end surface to form a thrust bear-
ing. Accordingly, the sub hammer 42 is urged by the coil
spring 47 in the rearward direction and pressed in a state
that the balls 50 are capable of rolling to a rearward po-
sition so as to abut against the washer 48.

[0026] A plurality of guide grooves 51 are formed in
the inner peripheral surface of the peripheral wall 43 of
the sub hammer 42. The guide grooves 51 are provided
equidistantly along the circumferential direction of the
sub hammer 42 and axially extend from the front end
toward the rear end of the sub hammer 42. A plurality of
oblong grooves 52 which are shorter than the guide
grooves 51 are formed in the outer periphery of the main
hammer 40 at the same distances as the guide grooves
51, and cylindrical-shaped connecting pins 53 are fitted
both into the guide grooves 51 and into the oblong
grooves 52. Accordingly, the main hummer 40 and the
sub hammer 42 are connected by the connecting pins
53 such that they are unitarily rotatable in the rotational
direction while each of them is capable of moving in the
axial direction respectively.

[0027] A ring-shaped fitting groove 54 is circumferen-
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tially formed in the outer peripheral surface of the main
hammer 40 in the vicinity of the rear end of the main
hammer 40, whereas a plurality of circular holes 55 are
formed in the peripheral wall 43 of the sub hammer 42,
which are radially penetrating the sub hammer 42 at po-
sitions between and at the rear end positions of the guide
grooves 51. Balls 56 as a connecting member are fitted
into the corresponding circular holes 55.

[0028] A switch ring 57 is fitted onto the peripheral wall
43 of the sub hammer 42. The switch ring 57 has two-
stepped diameters. A rear side of the switch ring 57 is
formed as a smaller-diameter portion 58 slidably contact-
ing the outer peripheral surface of the peripheral wall 43,
and a front side of the switch ring 57 is formed as a large-
diameter portion 59 which is radially spaced apart from
the outer peripheral surface of the peripheral wall 43. A
ring-shaped groove 60 is formed in the outer peripheral
surface of the smaller-diameter portion 58. The switch
ring 57 is slidable in the front-and-rear direction between
a front-side stepped portion 61 provided on the inner pe-
riphery of the inner housing 8 and a rear-side stepped
portion 62 provided on the rear-side outer periphery of
the peripheral wall 43.

[0029] As bestseenin FIG. 3, a connecting sleeve 63
is fitted onto the inner housing 8, and an operating sleeve
64 positioned at the front side of the main body housing
2 is mounted on a front-side outer periphery of the con-
necting sleeve 63 so as to be slidable with the connecting
sleeve 63. A pair of through-holes 65 which are oblong
openings extending in the front-and-rear direction are
formed in the outer periphery of the connecting sleeve
63 at symmetrical positions with respect to a center point
of the connecting sleeve 63. Further, the connecting
sleeve 63 has a pair of rectangular-shaped guide recess-
es 66 in the outer peripheral surface thereof, and each
guide recess 66 surrounds the corresponding through-
hole 65.

[0030] Tubular-shaped guide holders 67 are formed
on a square-shaped flange portion 68 which is fitted into
the corresponding guide recesses 66. Further, the tubu-
lar-shaped guide holders 67 are inserted into the through-
holes 65. The guide holders 67 radially penetrate through
the through-holes 65 and extend into an inner region of
the connecting sleeve 63 toward the axis of the connect-
ing sleeve 63. The guide holders 67 are slidable in the
front-and-rear direction with their flange portions 68 guid-
ed along the guide recesses 66. The inner housing 8 has
a pair of guide grooves 69 consisting of a front-side
groove 70 and a rear-side groove 71. The front-side
groove 70 is formed in the circumferential direction there-
of at a position corresponding to the front end of the
through-hole 65 and into which the guide holder 67 is
inserted. The rear-side groove 71 is formed in the cir-
cumferential direction at a position corresponding to the
rear end of the through-hole 65, and a slanted groove 72
connecting the front-side groove 70 and the rear-side
groove 71. Guide pins 73 are inserted from the inner re-
gion of the inner housing 8 (i.e., direction from the axis
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of the inner housing 8) and into the guide holders 67, and
head portions 74 of the guide pins 73 are fitted into the
ring-shaped groove 60 of the switch ring 57.

[0031] Therefore, when the operating sleeve 64 is ro-
tationally manipulated to cause the connecting sleeve 63
to rotate clockwise (in the rightward direction) as viewed
from front, the guide holders 67 also move rightward
along the circumferential direction of the connecting
sleeve 63. Thereafter, when the guide holders 67 move
along the guide grooves 69 and reach the rear-side
grooves 71, the guide holders 67 position atthe rear ends
of the through-holes 65. At this position, as best seen in
FIG. 4, the switch ring 57 connected to the guide holders
67 through the guide pins 73 is moved into a retracted
position (first slide position) in which the large-diameter
portion 59 is positioned outside the balls 56. In this re-
tracted position, the balls 56 are sunk into the inner pe-
ripheral surface of the peripheral wall 43 and movable to
a disengagement position in which the balls 56 are
spaced apart from the ring-shaped fitting groove 54 of
the main hammer 40, whereby an impact mode which
allows retraction of the main hammer 40 is achieved.
[0032] Meanwhile, when the operating sleeve 64 is ro-
tationally manipulated to cause the connecting sleeve 63
to rotate anticlockwise (in the leftward direction) as
viewed from front, the guide holders 67 also move left-
ward along the circumferential direction of the connecting
sleeve 63. Thereafter, when the guide holders 67 move
along the guide grooves 69 and reach the front-side
grooves 70, the guide holders 67 position at the front
ends of the through-holes 65. At this position, as best
seen in FIG. 5, the switch ring 57 is moved into an ad-
vanced position (second slide position) in which the
small-diameter portion 58 is positioned outside the balls
56. In this advanced position, the balls 56 are pressed
by the small-diameter portion 58 and fitted into the ring-
shaped fitting groove 54 of the main hammer 40 (i.e.,
retained in a connecting position), whereby a drill mode
is achieved, in which the main hammer 40 and the sub
hammer 42 are connected in the front-and-rear direction
to limit the retraction of the main hammer 40. In this em-
bodiment, the switch ring 57, the guide grooves 69, the
connecting sleeve 63 having the through-holes 65, the
operating sleeve 64, the guide holders 67, and the guide
pins 73 constitute a switch device according to the
present invention.

[0033] The anvil 10 has a shaft-receiving hole 75
formed in the rear surface at the shaft center position
thereof. The spindle 7 has a front end portion 76 having
a smaller diameter and sticking out from the front end of
the spindle 7. The front end portion 76 of the spindle 7
is fitted into the shaft-receiving hole 75 of the anvil 10
andthe frontend of the spindle 7 is coaxially and rotatably
supported by the anvil 10. A ball 78 provided in the shaft-
receiving hole 75 is urged by a coil spring 77 and pressed
against the end face of the front end portion 76 to receive
aload in the thrust direction.

[0034] Further, at the front end of the anvil 10 which
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protrudes from the front housing 12, there are provided
an insertion hole 79 for attaching a bit (not shown) and
a chuck mechanism including a sleeve 80 which presses
the balls 81 provided on the anvil 10 (see FIG. 2) into the
insertion hole 79 at the retracted position so as to prevent
the bit inserted into the insertion hole 79 from coming off
from the anvil 9.

[0035] Operation of the impact driver 1 configured as
described above will be described. First, description will
be given of the operation in the impact mode as shown
in FIG. 4 wherein the operating sleeve 64 has been ro-
tationally manipulated to position the switch ring 57 in
the retracted position. When the user manipulates the
trigger 16 provided in the handle 14 to drive the motor 4,
the rotation of the output shaft 5 of the motor 4 is trans-
mitted to the spindle 7 through the planetary gear reduc-
tion mechanism 6 to thereby cause the spindle 7 to rotate.
The spindle 7 then causes the main hammer 40 to rotate
through the balls 46, so that the anvil 10 engaged with
the main hammer 40 rotates. Therefore, a screw-tight-
ening operation, etc. can be performed using the bit at-
tached to the front end of the anvil 10. During this oper-
ation, the sub hammer 42 is connected in the rotational
direction to the main hammer 40 through the connecting
pins 53, so that the main hammer 40 and the sub hammer
42 rotate together.

[0036] As the screw-tightening operation proceeds
and when a load applied to the anvil 10 increases to a
certain threshold, the rotation of the main hammer 40
does not follow the rotation of the spindle 7, so that the
main hammer 40 retreats or moves backward against
the urging force of the coil spring 47 while the main ham-
mer 40 rotates relatively with respect to the spindle 7 by
the balls 46 rolling along the V-shaped grooves 45. In
this time, the sub hammer 42 rotates together with the
main hammer 40 through the connecting pins 53 while
retraction of the main hammer 40 is allowed.

[0037] When the engaging claws 41 of the main ham-
mer 40 are disengaged from the arms 11, the balls 46
are forced to roll by the urging force of the coil spring 47
and move forward along the V-shaped grooves 45, so
thatthe main hammer 40 advances while rotating. There-
fore, the engaging claws 41 of the main hammer 40 are
reengaged with the arms 11 to generate a rotary impact
force (impact). The main hammer 40 and the anvil 10 are
repeatedly disengaged from and reengaged with each
other to provide a retightening function of the impact driv-
er1.

[0038] During this operation, the sub hammer 42 also
rotates following the main hammer 40, so that the en-
gagement and disengagement of the hammer with re-
spect to the anvil 10 are performed by the total mass of
the main hammer 40 and the sub hammer 42. Therefore,
even if the hammer is divided into the main hammer 40
and the sub hammer 42, the rotary impact force will not
be decreased. Further, when the hammer rotates, the
balls 50 on the rear end surface of the sub hammer 42
roll on the front surface of the washer 48 and a rotational
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resistance of the hammer is decreased. Therefore, the
sub hammer 42 can be rotated smoothly even if the coll
spring 47 expands and contracts in accordance with the
forward and rearward movements of the main hammer
40. Further, even if the main hammer 40 repeats the for-
ward and rearward movements upon generation of the
impact, the sub hammer 42 is retained at its rearward
position and does notmove forward and rearward. There-
fore, vibration can be suppressed upon generation of the
impact.

[0039] Second, description will be given of the opera-
tion in the drill mode as shown in FIG. 5 wherein the
operating sleeve 64 has been rotationally manipulated
to position the switch ring 57 in the advanced position.
When the user manipulates the trigger 16 to drive the
motor 4, the main hammer 40 and the sub hammer 42
rotate together in accordance with the rotation of the spin-
dle 7 to thereby unitarily rotate the anvil 10.

[0040] In this drill mode, even if a load applied to the
anvil 10 increases, retraction of the main hammer 40 is
restricted because of the balls 56, so that the engage-
ment and disengagement of the main hammer 40 are not
carried out with respect to the anvil 10. Therefore, the
impact driver 1 does not generate impact and the anvil
10 unitarily rotates with the spindle 7.

[0041] According to the impact driver 1 as described
above in this embodiment, the hammer is divided into
the inner-side main hammer 40 and the outer-side sub
hammer 42. The main hammer 40 is configured to be
engageable with or disengageable from the anvil 10. The
sub hammer 42 has the peripheral wall 43 covering the
outer periphery of the main hammer 40 and is formed as
a separate member from the main hammer 40. The sub
hammer 42 is disposed in the rearward position in which
the sub hammer 42 can rotate with the peripheral wall
43 covering the outer periphery of the main hammer 40
while movement of the main hammer 40 in the front-and-
rear direction is allowed. The peripheral wall 43 of the
sub hammer 43 is engageable with the main hammer 40
so that the main hammer 40 and the sub hammer 42 are
unitarily rotatable. Further, the connecting member (e.g.,
balls 56) is disposed between the main hammer 40 and
the peripheral wall 43 in such a manner as to be movable
between the connecting position and the disconnected
position. The connecting position is a position in which
the main hammer 40 and the peripheral wall 43 are con-
nected together in the front-and-rear direction in the ad-
vanced position of the main hammer 40. The disconnect-
ed position is a position in which the connection there-
between is disconnected. The connecting member 56 is
operable to move between the connecting position and
the disconnected position by the switching device pro-
vided outside the main body housing 2. When the con-
necting member is moved in the connecting position us-
ing the switching device, the drill mode is selected, in
which the anvil 10 and the spindle 7 rotate together while
retraction of the main hammer 40 is restricted.

[0042] With this arrangement, in addition to an impact
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mode as originally provided by the impact tool, the drill
mode without causing impact can be used. Accordingly,
it is not necessary for the user to change a plurality of
electric power tools in accordance with works, which
leads to improvement in the workability. Further, the drill
mode is realized by restricting retraction of the main ham-
mer 40 using the sub hammer 42 that is divided from the
hammer 40. Therefore, reduction in the size of the impact
driver 1 can be achieved without increasing the impact
mechanism in its diametrical direction. Further, switching
the modes can be performed by a small number of as-
sembling parts, which can prevent the rising cost. Since
the sub hammer 42 only performs the rotary motion fol-
lowing the main hammer 40 and does not move in the
front-and-rear direction, an occurrence of vibration in the
impact mode can be reduced. Of course, the necessary
rotary impact force is ensured by the rotary motion of the
sub hammer 42 which unitarily rotates with the main ham-
mer 40.

[0043] Inparticular, the connectingmember comprises
balls 56 movable in radial directions of the peripheral wall
43 between the connecting position and the disconnect-
ed position. In the connecting position, the balls 56 are
retained in the peripheral wall 43 of the sub hammer 42
and protrude inward from an inner peripheral surface of
the peripheral wall 43 into the fitting groove 54 circum-
ferentially formed in the outer periphery of the main ham-
mer 40. In the disconnected position, the balls 56 are
sunk into the inner peripheral surface of the peripheral
wall 43 and spaced apart from the fitting groove 54. Fur-
ther, the switching device comprises a switch ring 57 hav-
ing the smaller-diameter portion 58 and the large-diam-
eter portion 59. The smaller-diameter portion 58 is fitted
onto the peripheral wall 43 and slidably contacting the
outer peripheral surface of the peripheral wall 43, and
the large-diameter portion 59 is spaced apart from the
outer peripheral surface of the peripheral wall 43. The
switch ring 57 is slidably operable between the first slide
position and the second slide position. The first slide po-
sition is a position in which the large-diameter portion 59
is positioned outside the balls 56 to allow the balls 56 to
move into the disconnected position. The second slide
position is a position in which the small-diameter portion
58 is positioned outside the balls 56 to press the balls 56
toward the connecting position. Therefore, the connec-
tion and disconnection between the main hammer 40 and
the sub hammer 42 can be compactly and reliably per-
formed in a space within the inner housing 8.

[0044] Further, the coil spring 47 is arranged between
the main hammer 40 and the sub hammer 42 so that the
sub hammer 42 is urged toward the rearward position in
which the sub hammer 42 contacts the washer 48 dis-
posed at the rear end of the spindle 7. Further, the ring-
shaped groove 49 is formed in the rear surface of the
sub hammer 42, and a plurality of balls 50 are received
in the ring-shaped groove 49 such that the balls 50 partly
extend beyond the rear surface and contact the front sur-
face of the washer 48. Therefore, the sub hammer 42
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can be disposed in the rearward position by the simple
configuration using the coil spring 47 for the impact mode.
Further, even if the sub hammer 42 is urged toward the
rearward position by the coil spring 47, the rotational re-
sistance of the sub hammer 42 can be reduced and a
smooth unitary rotation of the sub hammer 42 following
the main hammer 40 can be performed. Further, a thrust
load applied to the sub hammer 42 can be received by
the configuration which is compact in the axial direction.
[0045] Although the present invention has been de-
scribed in detail with reference to the above exemplary
embodiment, the present invention is not limited to the
above specific embodiment and various changes and
modifications may be made without departing from the
scope of the appended claims.

[0046] Inthe above embodiment, balls are used as the
connecting member. However, the connecting member
is not limited to the balls, and other members may be
used, for example, pins loosely fitted into the peripheral
wall in the radial directions and having semispherical
front and rear ends may be employed. The number of
the connecting members may be increased or decreased
where necessary.

[0047] Further, the switch ring in the above embodi-
ment is configured such that the small-diameter portion
is positioned rearward while the large-diameter portion
is positioned frontward, and the retreated position corre-
sponds to the impact mode. However, the switch ring
may be reversely assembled such that the advanced po-
sition corresponds to the impact mode.

[0048] The switching device other than the switch ring
may be used where necessary. For example, instead of
the structure using the integrally formed guide holders
and guide pins, and the conversion mechanism having
guide grooves and converting the rotation of the connect-
ing sleeve into the movement of the switch ring in the
front-and-rear direction, the slide positions of the switch
ring may be changed by operating a slide button con-
nected to the switch ring in the front-and-rear direction,
which is a configuration similar to that of the speed
change mechanism.

[0049] Further, the connection between the main ham-
mer and the sub hammer in the rotational direction is not
limited to the above structure using the connecting pins,
and a connection using a key or spline may be used. The
thrust bearing provided at the rear surface of the sub
hammer may be modified. For example, the washer may
be omitted and/or needles may be used instead of the
balls.

[0050] Further, instead of the structure in which the
sub hammer shaped like a tube with a bottom is urged
by the coil spring forthe impact mode toward the rearward
position, a sleeve-shaped sub hammer may be simply
and rotatably retained in the position at a rear side of the
main hammer.

[0051] Other than the above, the housing may not in-
clude the inner housing. As an alternative, the housing
may not include the inner housing and the front housing,
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and a hammer case accommodating the impact mecha-
nism may be coupled to the main body housing at the
front side ofthe main body housing. Further, the planetary
gear reduction mechanism may be modified where nec-
essary. For example, a three-stage speed switching
mechanism or more may be used, or alternatively, the
speed switching mechanism may be omitted. Of course,
the present invention is not limited to an impact driver,
and is applicable to other electric power tools such as an
angle impact driver, an impact wrench, and an electric
screw driver.

[0052] It is explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es orindications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Claims
1.  An impact tool (1) comprising:

a spindle (7) disposed in a housing (2) and con-
figured to be driven to rotate by a motor (4);

an anvil (10) disposed at a front side of the spin-
dle (7) and rotatably supported by the housing
(2) coaxial with the spindle (7), a front end of the
anvil (10) protruding forward from the housing
(2) and to which a bit is attached;

a hammer (40, 42) fitted onto the spindle (7) and
urged by a coil spring (47) toward an advanced
position in which the hammer (40, 42) is en-
gaged with a rear end of the anvil (10), the ham-
mer (40, 42) being configured to be movable in
a front-and-rear direction in accordance with a
torque of the anvil (10) to engage with or disen-
gage from the anvil (10), whereby rotation of the
spindle (7) is transmitted to the anvil (10) as a
rotary impact force, characterized in that

the hammer (40, 42) is divided into an inner-side
main hammer (40) configured to be engageable
with or disengageable from the anvil (10) and
an outer-side sub hammer (42) having a periph-
eral wall (43) covering an outer periphery of the
main hammer (40) and formed as a separate
member from the main hammer (40),

wherein the sub hammer (42) is disposed in a
rearward position in which the sub hammer (42)
is rotatable with the peripheral wall (43) thereof
covering the outer periphery of the main hammer
(40) while movement of the main hammer (40)
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inthe front-and-rear direction is allowed, and the
peripheral wall (43) of the sub hammer (42) is
engageable with the main hammer (40) so that
the main hammer (40) and the sub hammer (42)
are unitarily rotatable,

wherein a connecting member (56) is disposed
between the main hammer (40) and the periph-
eral wall (43) in such amanner as to be movable
between a connecting position in which the main
hammer (40) and the peripheral wall (43) are
connected together in the front-and-rear direc-
tionin an advanced position of the main hammer
(40) and a disconnected position in which the
connection therebetween is disconnected, and
the connecting member (56) is operable to move
between the connecting position and the discon-
nected position by a switching device provided
outside the housing (2), and

wherein when the connecting member (56) is
moved in the connecting position using the
switching device, a drill mode is selected, in
which the anvil (10) and the spindle (7) rotate
together while retraction of the main hammer
(40) is restricted.

The impact tool according to claim 1, wherein the
connecting member (56) is a ball (56) movable in
radial directions of the peripheral wall (43) between
the connecting position in which the ball (56) is re-
tained in the peripheral wall (43) of the sub hammer
(42) and protrude inward from an inner peripheral
surface ofthe peripheral wall (43) into afitting groove
(54) circumferentially formed in the outer periphery
of the main hammer (40) and the disconnected po-
sition in which the ball (56) is sunk into the inner
peripheral surface of the peripheral wall (43) and
spaced apart from the fitting groove (54).

The impact tool according to claim 2, wherein the
switching device comprises a switch ring (57) having
a smaller-diameter portion (58) that is fitted onto the
peripheral wall (43) and slidably contacting the outer
peripheral surface of the peripheral wall (43) and a
large-diameter portion (59) that is spaced apart from
the outer peripheral surface of the peripheral wall
(43), and the switch ring (57) is slidably operable
between a first slide position in which the large-di-
ameter portion (59) is positioned outside the ball (56)
to allow the ball (56) to move into the disconnected
position and a second slide position in which the
small-diameter portion (58) is positioned outside the
ball (56) to press the ball (56) toward the connecting
position.

The impact tool according to claim 3, wherein a tu-
bular inner housing (8) configured to receive therein
an impact mechanism including the spindle (7) and
the hammer is assembled within the housing (2).
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5.

10.

1.

The impact tool according to claim 4, wherein a con-
necting sleeve (63) configured to be rotatably oper-
able from outside is fitted onto the inner housing (8),
and tubular-shaped guide holders (67) configured to
be movable in the front-and-rear direction are en-
gaged with the connecting sleeve (63), and wherein
the guide holders (67) penetrate through corre-
sponding guide grooves (69) formed in the inner
housing (8) and extend into a ring-shaped groove
(60) formed in an outer peripheral surface of the
switch ring (57), so that when the connecting sleeve
(63) is rotationally manipulated, the guide holders
(67) are moved in the front-and-rear direction
through the guide grooves (69) to thereby cause the
switch ring (57) to slide between the first slide posi-
tion and the second slide position.

The impact tool according to claim 5, wherein each
of the guide grooves (69) comprises a front-side
groove (70) formed in a circumferential direction of
the inner housing (8), a rear-side groove (71) formed
in the circumferential direction of the inner housing
(8), and a slanted groove (72) connecting the front-
side groove (70) and the rear-side groove (71).

The impact tool according to claim 5 or 6, wherein
guide pins (73) are inserted into the guide holders
(67) with their head portions (74) fitted into the ring-
shaped groove (60).

The impact tool according to claim 5, 6 or 7, wherein
an operating sleeve (64) positioned at a front side of
the housing (2) is mounted on the connecting sleeve
(63) such that they are unitarily rotatable.

The impact tool according to any one of claims 1 to
8, wherein the coil spring (47) is arranged between
the main hammer (40) and the sub hammer (42) so
that the sub hammer (42) is urged toward the rear-
ward position in which the sub hammer (42) contacts
areceiving portion (48) disposed at a rear end of the
spindle (7), and wherein a ring-shaped groove (49)
is formed in a rear surface of the sub hammer (42),
and a plurality of balls (50) are received in the ring-
shaped groove (49) such that the balls (50) partly
extend beyond the rear surface and contact a front
surface of the receiving portion (48).

The impact tool according to claim 9, wherein the
receiving portion (48) is a washer (48) inserted onto
the spindle (7).

The impact tool according to any one of claims 1 to
10, wherein guide grooves (51) are formed in an in-
ner peripheral surface of the peripheral wall (43) of
the sub hammer (42) along an axial direction of the
sub hammer (42), and oblong grooves (52) are
formed in the outer periphery of the main hammer
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(40) along an axial direction of the main hammer
(40), and wherein connecting pins (53) are fitted both
into the guide grooves (51) and into the oblong
grooves (52) so that the peripheral wall (43) of the
sub hammer (42) and the main hammer (40) are con-
nected and unitarily rotatable.

The impact tool according to any one of claims 1 to
11, wherein the main hammer (40) has a pair of en-
gaging claws (41,41) atafrontsurface thereof, which
are engageable with a pair of arms (11, 11) provided
at a rear end of the anvil (10).

The impact tool according to any one of claims 1 to
12, wherein the main hammer (40) has reversed V-
shaped grooves (44) formed in an inner peripheral
surface thereof, each extending and tapering from a
front end toward a rear side of the main hammer
(40), and the spindle (7) has V-shaped grooves (45)
formed in an outer peripheral surface thereof, each
extending with its front end portion facing toward a
front side of the spindle (7), and wherein the reversed
V-shaped grooves (44) and the V-shaped grooves
(45) face each other with balls (46) fitted therebe-
tween, so that the main hammer (40) is connected
to the spindle (7).
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